TANDEM ROTOR WING ROTATIONAL POSITION CONTROL SYSTEM 

DESCRIPTION 



Technical Field 

[Para 1] The present invention relates generally to aeronautical vehicle systems, 
and more particularly, to a method and system for controlling the rotational position of 
tandem rotor wings and dual or overlapping rotors of an aircraft. 



Background of the Invention 

[Para 2] Helicopters are versatile aircraft in that they are capable of vertical lift and 
forward propulsion without the need of a runway, unlike most other passenger and 
cargo transporting style aircraft, such as propeller style airplanes and jet aircraft with a 
main fixed aircraft lifting wing. Unfortunately, helicopters do have disadvantages that 
are not generally associated with the other passenger and cargo transporting style 
aircraft. 

[Para 3] One main disadvantage of a helicopter is a limited forward speed. The 
forward speed is limited due to a limit in available power to satisfy the significantly 
increasing power demands or requirements needed as forward airspeed increases. 
One factor that contributes to the large increase in power requirements is referred to 
as a "retreating blade stall." During forward flight of the helicopter a section of a 
helicopter rotor, that is rotating in a rearward direction opposite a flight direction of 
the helicopter, experiences reversed flow with airspeed that is faster than rotational 
speed of the rotor. Since the airspeed is faster than the rotational speed of the rotor 
the rotor begins to "stall", in the stated section, and results in a large increase in rotor 
drag and therefore increased power is required. 

[Para 4] Another main contributor to the large increase in power required with 
increasing airspeed is referred to as an "advancing tip Mach number problem". This is 
a result of a rotational velocity of a rotor tip, in a direction the helicopter is traveling, 
experiencing a combination of its rotational velocity in addition to the forward velocity 
of the helicopter. When the combination of the rotational velocity and the forward 
velocity exceed a drag divergence Mach number of a corresponding airfoil of the rotor, 
a large increase in drag is experienced. 
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[Para 5] The retreating blade stall and the advancing tip Mach number factors are 
additive and impact power required by the rotor in approximately the same helicopter 
forward speed regime. These two factors in combination with other lesser contributing 
factors known in the art, result in limiting forward speed of a helicopter to a speed 
which is less than a forward speed that is attainable by conventional fixed wing 
aircraft. 

[Para 6] In order to have vertical takeoff and landing capability of a helicopter and 
to have forward flight speed ability of other aircraft, different styles of vertical takeoff 
and landing (VTOL) aircraft are being introduced and are becoming more abundant. 
Generally, dual flight mode VTOL aircraft takeoff as a helicopter with one or more 
rotating rotors provide lift in a vertical direction. 

[Para 7] One style of VTOL that is utilized to overcome the forward speed limitation 
of traditional VTOL aircraft and to provide increased performance including increased 
cargo carrying capabilities and increased center of gravity travel capability is a dual 
rotor ("tandem rotor") canard rotor/wing design. This canard rotor/wing design 
includes a pair of wings that operate in a helicopter mode and in a fixed wing mode. 
Each wing includes two blades that are typically symmetrical and that operate 
irrespective of flow direction. The canard rotor/wing design provides increased 
forward speed compared to other types of rotorcraft. The canard rotor/wing design 
also can provide greater center of gravity travel capability, than single-rotored versions 
of canard rotor wing aircraft, which allows for greater cargo carrying capability. 

[Para 8] The tandem canard rotor/wings may laterally overlap each other, due to 
their required length and mounting locations. In order to prevent a collision between 
the rotor/wings the rotor/wings are vertically mounted in an offset configuration such 
that a first rotor/wing is vertically positioned below a second rotor/wing. However, 
due to the flex in the rotor/wings a collision situation can still arise between the 
rotor/wings. To further prevent a collision, mechanical devices may be utilized as they 
are on tandem-rotor helicopters to maintain synchronization between the rotor/wings 
such that the blades from the front rotor never lie directly below those from the rear 
rotor; a nominal 90 degrees of separation is desired, to minimize any possibility of 
blade-to-blade collisions. These mechanical devices, such as shafts and linkages as 
used on tandem-rotor helicopters, can be heavy, long, and consume a significant 
amount of space on an aircraft. The stated mechanical devices are also often exposed 
to combat damage that can cause loss of rotor synchronization and consequent loss of 
the aircraft due to blade collisions. As known in the art, it is also generally desirable to 
minimize the weight of aircraft systems and components to allow for increased 
carrying capability. 

[Para 9] It is therefore, desirable to provide a VTOL aircraft that prevents a collision 
between rotors without using mechanical positioning systems and that has increased 
performance including increased cargo carrying capabilities. 
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Summary of the Invention 



[Para 10] The present invention provides a rotational position-adjusting system for a 
vertical takeoff and landing aircraft. The system includes multiple detectors that 
generate rotor position signals. The rotor signals are indicative of the position of each 
rotor of the aircraft. The rotors provide lift to the aircraft. A controller is coupled to 
the detectors and adjusts the rotational speed of one or more of the rotors in response 
to the rotor signals. 

[Para 11] The embodiments of the present invention provide several advantages. 
One such advantage is the provision of determining the relative rotational position of 
two or more rotors of an aircraft and adjusting that relative position to prevent a 
collision therebetween. 

[Para 12] Another advantage provided by an embodiment of the present invention is 
the provision of performing the above stated advantage through the use of electronic 
control rather than mechanical control. This minimizes the weight of a rotor relative 
speed adjustment system, which increases the cargo carrying capability of VTOL 
aircraft. 

[Para 13] Furthermore, the present invention also provides a simple, inexpensive, 
and compact system and technique for performing rotational speed adjustment of 
rotors and tandem rotor/wings that may be utilized in illuminated and non-illuminated 
conditions. 

[Para 14] The present invention itself, together with further objects and attendant 
advantages, will be best understood by reference to the following detailed description, 
taken in conjunction with the accompanying drawing. 



Brief Description of the Drawings 

[Para 15] Figure 1 is a side view of a vertical takeoff and landing (VTOL) aircraft 
utilizing a rotor rotational position-adjusting system in accordance with an embodiment 
of the present invention; 

[Para 16] Figure 2 is a side view of a VTOL aircraft utilizing a rotor rotational 
position-adjusting system in accordance with another embodiment of the present 
invention; and 
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[Para 17] Figure 3 is a logic flow diagram illustrating a method of operating a VTOL 
aircraft having a rotor rotational position-adjusting system in accordance with another 
embodiment of the present invention. 

Detailed Description 

[Para 18] In each of the following Figures, the same reference numerals are used to 
refer to the same components. While the present invention is described with respect 
to a system for controlling the rotational position of tandem rotor wings or dual rotors 
of a rotorcraft, the present invention may be adapted for various applications and 
systems known in the art. 

[Para 19] In the following description, various operating parameters and components 
are described for one constructed embodiment. These specific parameters and 
components are included as examples and are not meant to be limiting. 

[Para 20] Referring now to Figures 1 and 2, side views of vertical takeoff and landing 
(VTOL) aircraft 4 and 4' utilizing rotor rotational position-adjusting systems 6 and 6' in 
accordance with an embodiment of the present invention is shown. The rotational 
position-adjusting systems 6 and 6' are used to monitor and maintain appropriate 
rotational positioning of each of the tandem rotor/wings 8 in relation to each other. A 
synchronized separation tolerance is maintained between the tandem rotor wings 8, 
which is described in further detail below. The maintenance of the tandem rotor/wing 
positions prevents interference and collisions therebetween. Although the present 
invention is primarily described with respect to the shown tandem rotor/wing 
configurations and aircraft of Figures 1 and 2, the present invention may be applied to 
other rotor or rotor/wing configurations and to other aircraft, such as helicopters and 
other vertical takeoff and landing aircraft. 

[Para 21] The aircraft 4 and 4' include fuselages 10 and 10', multiple rotor/wing hub 
assemblies 12 including the multiple tandem rotor/wings 8, and transitional lift wings 
16. The fuselages 10 and 10' are capable of carrying large loads that may be loaded 
through rear cargo doors 18. The rotor/wings 8 are mechanically coupled to the 
fuselages 10 via hubs 20, which are rotated by drive systems 21. The drive systems 
21 include one or more turbofan engines 22 that each have engine nozzles 23. The 
rotor/wings 8 propel and provide lift for the aircraft 4 and 4'. The rotor/wings 8 
operate in dual modes including a vertical lift mode and a fixed wing mode, in 
conjunction with the engines 22, to provide takeoff, landing, and lower speed flight 
and hover capabilities of a helicopter and forward high speed thrust and lift capabilities 
of a fixed wing aircraft, such as a jet aircraft. As the rotor/wings 8 are transitioned 
from the vertical lift mode to the fixed wing mode the transitional lift wings 16 provide 
lift to the aircraft 4 and 4'. Main controllers 24 are coupled to the rotor/wings 8 and 
switch between the vertical lift mode and the fixed wing mode. Although, two tandem 
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rotor/wings and a single transitional fixed wing are shown for each of the aircraft 4 
and 4' additional rotor/wings and fixed wings may be incorporated. 

[Para 22] In an example embodiment of the present invention, a first tandem 
rotor/wing 30 is located in a forward portion 32 of the aircraft 4 and 4' and a second 
tandem rotor/wing 34 is located behind the first rotor/wing 30 and in a rearward 
portion 36 of the aircraft 4 and 4', as shown. The first rotor/wing 30 is vertically in a 
lower location relative to the second rotor/wing 34 to avoid interference during a 
vertical lift mode. The transitional lift wings 16 are located between the first 
rotor/wing 30 and the second rotor/wing 34 on the fuselages 10 and 10'. The 
transitional lift wings 16 are vertically in a lower location relative to both the first 
rotor/wing 30 and the second rotor/wing 34 to provide central lift of the aircraft 4 and 
4' and to also avoid interference with the rotor/wings 30 and 34. 

[Para 23] The rotor/wings 8 include multiple blades 40 that have one or more flow 
ducts 42 extending therethrough and serve as an exhaust transport between the 
engines 22 and the exit nozzles 44 during the vertical lift mode. Exhaust gases 45 
from the engines 22 are combined and distributed to the flow ducts 42. The exhaust 
gases from the engines 22 flow to both the first rotor/wing 30 and the second rotor 
wing 34. The first rotor/wing 30 receives the exhaust gases 45 via a transport duct 49 
extending between the rotor/wings 8 along the fuselages 10 and 10'. Although, the 
transport duct 49 is shown as extending through a middle portion 51 of the fuselages 
10 and 10', the transport duct 49 may be in other locations within the aircraft 4 and 4'. 
The flow ducts 42 are closed during the fixed wing mode and exhaust gases 45 are 
diverted from entering the rotor/wings 8, via exhaust duct valves 46. A mast valve 
(not shown) may be utilized to divert the exhaust gases 45 from entering the 
rotor/wings 8. The exhaust gases 45 are then directed to the engine nozzles 23 
instead of the exit nozzles 44. Exit nozzle valves (not shown) may also be used near 
the exit nozzles 44, to adjust, prevent the flow of, or divert the exhaust gases 45. 

[Para 24] The rotor/wings 8 and the transitional lift wings 16 may have a leading or 
trailing edge device such as a flap, a slat, a flaperon, an aileron, a split aileron or other 
leading or trailing edge device, known in the art, to provide control forces and 
moments during flight. 

[Para 25] Although, the engines 22 are located in a rearward portion 36 of the 
aircraft 4 and 4', below the second rotor/wing 34, they may be located in other 
locations on the aircraft 4 and 4'. For example, the engines 22 may be located 
between the first rotor/wing 30 and the second rotor/wing 34 above the transitional lift 
wings 16. Also, the turbofan engines 22 are for example purposes only; other engines 
known in the art may be utilized. 

[Para 26] In operation, the main controllers 24 are utilized to switch the rotor/wings 
8 between a vertical lift mode and a fixed wing mode. During vertical lift mode the 
rotor/wings 8 are free to rotate similar to a helicopter. Exhaust gases 45 are allowed 
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to flow from the engines 22 through the blades 40 and exit the nozzles 44 as to rotate 
the blades 40. 

[Para 27] The main controllers 24 may switch the aircraft 4 and 4' from operating in 
the vertical lift mode to operating in the fixed wing mode. The main controllers 24 
begin off-loading lift of the rotor/wings 8, thus reducing rotational speed of the 
rotor/wings 8, as the fixed wing 16 develops lift when forward flight speed increases. 
The valves 46 are gradually closed to prevent exhaust gases 45 from entering the 
ducts 42 and the exhaust gases 45 are redirected to exit engine nozzles 23, to 
generate forward thrust. As the main controllers 24 are off-loading lift of the 
rotor/wings 8, the transitional lift wings 16 are enabling lift on the fuselages 10 and 
10'. When the rotor/wings 8 have come to a stop, the rotor/wings 8 are fixed to the 
fuselages 10 and 10'. 

[Para 28] When operating in the fixed wing mode the main controllers 24 may 
transition back to the vertical lift mode. The exhaust gases 45 are again allowed to 
flow from the engines 22 through the blades 40 to rotate the rotor/wings 8. 

[Para 29] The main controllers 24 may be microprocessor based such as a computer 
having a central processing unit, memory (RAM and/or ROM), and associated input 
and output buses. The main controllers 24 may be a portion of a central vehicle main 
control unit, an interactive vehicle dynamics module, a main safety controller, or be a 
stand-alone controller as shown. Note that the main controllers may each be divided 
into multiple controllers. Certain designated controllers may be utilized to perform the 
tasks described above and others may be utilized to perform tasks described below. 

[Para 30] The rotor position-adjusting systems 6 and 6' include multiple detectors 60 
and one or more position-adjusting systems or devices 62, which are coupled to the 
main controllers 24. The detectors 60 are utilized to detect the rotational position of 
the rotor/wings 8. The main controllers 24 compare position information gathered 
from the detectors 60 and adjust the rotational speed of the rotor/wings 8 via the 
position-adjusting devices 62. 

[Para 31] The detectors 60 detect emissive energy, such as in the form of infrared 
energy, light, or ultraviolet energy, which is indicative of the relative position of the 
rotor/wings 8. The detectors 60 may be used to detect, for example, infrared 
fluctuations due to the passage of the rotor/wings 8, of the fuselages 10 and 10' or 
portions or components thereof, or may be used to detect emissive energy generated 
from emitters 64, which is described in further detail below. 

[Para 32] The detectors 60 may be of various types and styles known in the art. The 
detectors 60 may be in the form of infrared or ultraviolet detectors, such as 
phototransistors, photodiodes, electrooptical sensors, or ultraviolet spectrometers, and 
may be sensitive to one or a multiple number of spectral energy bands as an aid to 
positive signal detection and rejection of false energy sources not associated with the 
rotor position. The detectors 60 may be mounted on the fuselages 10 and 10' and on 
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the rotor/wings 8, as shown, or on the hub assemblies 12, or elsewhere on the aircraft 
4 and 4'. 

[Para 33] The emitters 64 may be utilized in conjunction with the detectors 60. The 
emitters 64 generate illumination beams, represented by arrows 65, which are 
detected by the detectors 60. The emitters 64 may also be of various types and styles 
and be mounted in various locations on the aircraft 4 and 4'. The emitters 64 may be 
in the form of infrared emitters, ultraviolet emitters, or may be in some other form of 
emitter or illuminator known in the art. In the embodiment of Figure 1, a first emitter 
66 is mounted on the fuselage 10 and is directed at a first detector 68 mounted on the 
first rotor/wing 30. A second emitter 70 is mounted on the second rotor/wing 34 and 
is directed at a second detector 72 that is mounted on the fuselage 10. In the 
embodiment of Figure 2, both the emitters 74 and the detectors 76 are mounted on 
the fuselage 10' and are directed upwards at the rotor/wings 30 and 34. Reflective 
devices 78, such as mirrors or reflective materials, are attached to the bottom side 80 
of the rotor/wings 30 and 34 and are used to reflect emissive energy generated from 
the emitters 74 back to the detectors 76. In addition to or as an alternative, the 
exterior materials of the rotor/wings 8 may reflect light or emissive energy generated 
from the emitters 74. 

[Para 34] Although a particular number of detectors, emitters, and reflective devices 
are shown in Figures 1 and 2, any number of each may be utilized. The detectors, 
emitters, and reflective devices may be in various configurations and patterns. 

[Para 35] The position-adjusting devices 62 include the drive systems 21 having the 
engines 22, the ductwork 42 and 49, and the valves 46. The drive systems 21 may be 
utilized to increase or decrease the rotational speed of the rotor/wings 8 by modulating 
the amount of gas delivered to the reaction drive nozzle(s) of the rotor/wings 8. The 
position-adjusting devices 62 may also include brakes 82, coupled to the hub 
assemblies 12, for quick rotational speed reduction of the rotor/wings 8. The position- 
adjusting devices 62 may further include drag devices 84, such as flaps, slats, 
flaperons, ailerons, split ailerons, spoilers, drag plates, and other drag devices known 
in the art. Although the drag devices 84 are only shown on the second rotor/wings 34, 
they may be utilized on any of the rotor/wings 8. 

[Para 36] Referring now to Figure 3, a logic flow diagram illustrating a method of 
operating a vertical takeoff and landing (VTOL) aircraft having a rotor rotational 
position-adjusting system is shown in accordance with another embodiment of the 
present invention. The method of Figure 3 for simplicity is described primarily with 
respect to the embodiment of Figure 1, but may be easily modified to apply to other 
embodiments of the present invention. 

[Para 37] In step 100, the detectors 60 generate rotor signals indicative of the 
positions of the rotor/wings 8. The detectors 60, as inferred above, may generate the 
rotor signals in response to the emissive energy directed or reflected from the emitters 
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64, or directly from the rotor/wings 8 or fuselage 10 or a component thereof. The 
detectors 60 may monitor the fluctuation in the received emissive energy as each 
rotor/wing 8 passes through illumination beams 65 generated by the emitters 64. As 
each rotor/wing blade 40 passes through the illumination beams 65 the detectors may 
send a rotor signal to the main controller 24. 

[Para 38] In step 102, the main controllers 24 may compare the passage of time 
between the detection of each of the rotor/wing blades 40, on the forward rotor/wing 
30, with the passage of time between the detection of each of the rotor/wing blades 
40, on the rearward rotor/wing 34. The difference between the passage of time 
between forward blades and the passage of time between rearward blades is used to 
generate time comparison signals and derive absolute blade positions. 

[Para 39] In step 104, the main controller 24 determines the positions of the 
rotor/wings 8 relative to each other and generates position signals indicative of such 
positions in response to the time comparison signals. In step 106, the main controller 
24 compares the position signals with an angular tolerance to generate rotor 
adjustment signals. When the position signals are not within the specified angular 
tolerance the speed of one or more of the rotor/wings 8 is adjusted, otherwise the 
main controller 24 returns to step 100. As an example, the speed of the rotor/wings 8 
may be increased or decreased using the rotor drive system 21 and/or the rotor blades 
40. 

[Para 40] In step 108, the main controller 24 determines rotor speed adjustment 
techniques to utilize in response to the rotor adjustment signals. In one embodiment 
of the present invention, when the rotor adjustment signals are less than one or more 
predetermined values the gas flow to the rotor/wings 8 is adjusted. When the rotor 
adjustment signals are greater than or equal to one or more of the predetermined 
values rotor brake pressures are adjusted utilizing the brakes 82. The gas flow to the 
rotor/wings 8 is generally adjusted for smaller rotational speed adjustments and for 
increases in rotational speed. The rotor brake pressure is generally adjusted for larger 
rotational speed adjustments. The main controller 24 may also decrease or adjust the 
rotational speed of the rotor/wings 8 utilizing one or more of the drag devices 84 
mentioned above. Of course, more than one rotor speed adjustment technique may 
be utilized simultaneously. 

[Para 41] In step 110, the main controller 24 adjusts the rotational speed of one or 
more of the rotor/wings 8 using the determined adjustment technique of step 108 to 
maintain a synchronized separation tolerance. The separation tolerance may be the 
same as or used in addition to the angular tolerance. The rotational speeds of the 
rotor/wings 8 are adjusted in response to the rotor adjustment signals. The rotational 
speed of the first rotor/wing 30 is adjusted relative to the rotational speed of the 
second rotor/wing 34, and vice versa. Steps 100-110 are repeated such that the 
rotational speeds of the rotor/wings 8 are adjusted until the relative positions of the 
rotor/wings 8 are within the angular tolerance. 
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[Para 42] When a small rotational speed adjustment is performed the main controller 
24 signals the valves to incrementally reduce or increase gas flow to the rotor/wings 8, 
thus decreasing or increasing speed of the appropriate rotor/wing. When a larger 
rotational speed reduction is desired the main controller 24 increases or adjusts the 
braking pressure of the brakes 82 to decrease rotational speed of the rotor/wings 8. 

[Para 43] The above-described steps, are meant to be an illustrative example, the 
steps may be performed synchronously, continuously, or in a different order depending 
upon the application. 

[Para 44] The present invention provides a rotor position-adjusting system, which 
maintains the relative position between rotors of an aircraft to prevent collision 
therebetween. The rotor position-adjusting system provides a lightweight, compact, 
and inexpensive design for accurate and efficient monitoring and adjusting of the 
speed and position of aircraft rotor blades. 

[Para 45] The above-described apparatus and method, to one skilled in the art, is 
capable of being adapted for various applications and systems known in the art. The 
above-described invention can also be varied without deviating from the true scope of 
the invention. 
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